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(54) METHOD AND SYSTEM FOR CANCEUNG ACOUSTIC ECHO 

(57)Abstract: 

PROBLEM TO BE SOLVED: To selectively reduce mutual relation, 
in respective channel signals (sound source signal) concerning a 
stereo communication system, such as a teleconference system by 
introducing a small nonlinearity in respective channels in order to 
reduce couplings between two stereo channels. 

SOLUTION: In a teleconference system, nonlinear signal conversion 
modules (NL) 25 and 30 are inserted to the microphones 3 and 2 of 
a transmission room and a bus between the round speakers 1 1 and 
12 of a reception room 10. Stereophonic sound source signals xl(t) 
and x2(t) are respectively converted into a signal x1'(t) and x2*(t) by 
the operations of NL 25 and 30. It is preferably that a filter of an 
acoustic echo cancelleKAEC) 20 be arranged in the reception room 
10, and NL and 30 be arranged in the transmission room 1. 
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[0 0 3 3] ;<>xU:t<7)^'&iC*3UT, . S;^^^^ 

-r ^m1&^^^m\z:t5\^'^X'i£axu\^'^i&^\zh . m^x^ 

( 9 ) 

[0 0 3 5] jujKogtteBT&^e^T&^-Scfc^c, m 

tT^-Sc ^Ac. it (6) tfOxi 43j;t/x! ^<4tiS»w 
40 Bgjit^lt6nT^^^;CCV^«'&» it (6) \t. h. = hi=0 
^ o Z(omm(Dtii>b\z. ^^^(i. x, ^J:XS 

[0036]IJI1(?)^MJ^<S 

®2«, ^f6W(7)f5l<0|t|J!ffeJ!^flilc<i;'57^U=i>:77l^ 

miC0T-r^D7=i->3. 2t§{ig[5mi0CO7'::7HX 
tr — * 1 1 . 1 2 iOROO/^Xtt^lCjfA^tXfc^iaj^ii 
^^^^:'>'i--'l- 2 5, 30 (NL)/>^*^C:iSrB^t/^ 
T.gll^NUf^)'5-#iSSJ^^J$^i^^->'l-2 5. 3 
50 0Oall^f^-^CJ:0Xx^:^-^®m#x. (t) *5«t0^x 




( 8 ) 
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[0 0 3 7] @lJC^$n;t>^X5^Atl^««-» AEC 

»^ u < ttsmsim 1 0 icEs^n^. i^^m^ 

[0 0 3 8] :/^^m(o-mmmt&iz^ K> . 

m^x. (t) ^3j;a:x: (t) ti. Mlt^rsm^^ng 

X,' (t)=Xi(l)+afi[xi 
Utir. L/;t75^oT> X.' (t) 

DCxj' (t) (Dm<DtSim(om^\tmm^ n. is^o^fe 

$ 1 ck 0 t> /JN $ d i ^ ffi (S T ^ o ^ ISg ^- ^ e> t^j: 
f (x) = (x+lx!)/2=: 

) 

[0043] :L(Di^^\Z^\i^X . ^ (10) O^lfca 

. 0 . 5 ct 0 /J> ^ Wfi i:: iff IJS -t ^ ^ ^ * ^ * 
u<tio. 1-0. 3(Dtsia<oM(::•fe•yh$n^#^. 

f (x) = I X I tx.x'&^^n^^t^^mmm 

Sc. f (x) = sgn (x) i:LT5£^$n^/N-H'J 
a>y^P5Sc. f (x) = x' tUT^^^tl^-sfegS 

f (x) =x' sgn (x) tL\^x^m.-&n^zLm 

^^>m^^ i (x) =x' t LT^^$ tl^ HlfeHQSc 

[0044] ii)jii<o#ijS6}^igicJ:SA<:/'JvhX7^u 

:t/ t / A E C 

04ti, *^Qf^<Dft§0^7^j:|IMJ^^Cct ^ A E C CD«5fi^ 
^^-To S4CD0y^fi<incAEC«> 7.T-U^^i?i7&^^ 0iJ 
^til 0 0 OHzOjfi^T^i^^ «jT--f*Jl';^<c^i&IJc«fc 

[0 0 4 5] rO^-^tC, ^4CO«aj^fKj?'cCxXT-At^, 
iff >i C i: {I . 12^ & & ( >L ^ U 7^ ^ ;W ^ 

iKSc^je^t-s) rz*5tt«>M^o^: y A E ciiJt^Sr^rr 
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[0 0 4 0] 03 02O>':7.^A<75#<R}|^^lft^v^ 
3.-;U2 5. SO^rPr^^ft-r^J^cfi^lC^fflT^-S^J^e^I 

^mmmik'ei^zL — )V32iz. Tco^m^x (t) ts^^^ 

en. m:hi!}^> •T;i/^:/^<'^3 4«:&-fflUT, /J^$^tc 

iz> ^^^nfcm^x' (t) ^^fiJc-r-s/ia^c 7t<D 
m^^x (t) EP-fe. i = i, 2 \z^v 

X . 

( t ) ] (10) 

mniz t)^ u ^ m m u ^ m fj^ iz . # c w f j 
if * u . 

[0 0 4 2 ]^fg^<?)-^*^J^fSJ-^^^'^' 

ocD^-a-. X. -eofdico*g'&, 0 

( 1 1 

W:tAECfi5c^^W'r^7.5^l/^^^(^ffl-r^/N^^U 

yn--^ti, 0ijAli®2C^$n/tl^*£JE^fliCJ:Oige^ 
$n^:7;PA*> K7.5^U5i-AEC<0«ll«$^^4t?a:&'m 

[ 0 0 4 6 1 M:i^m\z. m 2 \z^^ tift^mBm^zj: 0 
mx\tmm(t^n^-^^m\z^ti\t. mM*mx.zl''^^r 

[0047] $e«C. S2<7)^J^WfcC7;i'/t>KX7"U 
:tAEC>'XxA<3DPimiC*5ViT. ^3!S^lCJ:<ftlbn 

/t2^r^;H^jilP?^S'i^-^^ (FRLS) 7 'J 

X ux & X h . mm<^ 0 h^'AM< uM-t com 
< iR 5i4 L , m X ^tm 2 <o m u '> ^ I. <D y /i > 
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[0 0 4 8] >bm^m^^^n\f)^^ ^(^^y'i^^^^'^ 

^n^izc; V f- ^ ti)imt6i». («^J>HiiOOOHz) J: 

Pi ^ m ^ it t /v a ^ ^ V u :i t ^ o m?i^t. 

F. L. Wighlman *3 .t D. J. Kistler \Z X ^ "Thedom 
inant role of I ow- frequency inleraural time differ 
ences in sound localization/' J. Acoust. Soc. Am,, 

vol. 91, pp. 1648-1661, Mar. 1 992 ^^M<DZ.ii. 

[0 0 4 91 ®4<D^j^M/J:/^-f■:/U'V^:^x^^/'t 

\z^^ nrzm\z:H^'^x . n ;^ toi co ^ <a « . 

:^m\z^m-^rm^mf^mmt<Dm<o^]^mu^m^^ 
To z.(D xo umfSLmM<o^m\t. m\zm^m 

tj:h<D'c$>^, i^(DKmmu^m.mm\z^^'^x . m^u 

X ^f)^X ^ , 

[0050] M^wic. 2 -Domn ^ ^ ^xz^x z (fiP 

ju5'4i. 42\zxo^ram^n. ^LT, y^>-^ 
>yv4 3, 4 4icj:o^n-my'i7>it>:/;i'5n> 

lOOOHz) X 0 (omi^^^t. u ^i-^^^M 

mr^tzeii)iz. 2 ^(oniLLfz^ ^ ^Ji^iz^i^'^xm^'^ 

[ 0 0 5 1 ] t(Om\Z. tE^XtS:^^ ^ X . + x : 

ft^iz./\^/'^7sy^)\^^45\zJ:K>^i&^ti^. ^ ^ 
\z. #«lJ^^tft^i^^-^^2 5, 3o«. '^^m(Dmm 

iZ^-o X . m2<Dm^^0^}Uy'^'rI^^^^<^:^^X. 
[ 0 0 5 2 ] &iiJ:ZS^^O H;^br-:^J 1 1 . 1 2 ti. 

n tomtLX. 20<0<£^&fiJc^>M^?i^7'y7't»->>^ 

T';/:/-t)">y^4 8. 4 9:f5Xz^a-/^7.y^ 
;i.^^5 0. 5 I \ZX0 ^i&,tnf::^\z^mr^. 

[ 0 0 5 3 ] 2 O <7) 2ji £t W 5t ?i A E C ^: J. - ;U 

A 6 6*5ctr;fM3¥isi»t6 s ^^ts^n^^&vSL^m^^is^m 




- 1 9 0 8 4 8 



■rsfc*<oiofl9^y7;i'AEC*>?3. — *5«fctXii 
jt7^;UiS^ 5 5. 5 6 , iiitr ;p=f u :^ A 5 7 , JtoStiei 

g&5 8*3ct^M^tHli^6 7 $:'&lr200<£^iRfiit^i^^^ 
^iaS-r'5/t86C01^CO;^5^U:tAEC^vrL — 

[0 0 54] cne^OffiitAEC^i^a. — SU<@<0 

^m^(0-^^^uy:i^> 1 4 3!>^«^©^^y7&«'?'n-f^na 
10 -/'^;?^7-f;i/3^5 9 (*3a;O^5^'^>-9->:/^6 0) 
t;f/N-r/t>?.:7^;u:$'6 1 \z x oi&mi^^ xumm^f&6^ 

[0 0 5 5] mt^^^z . crL^(D2'z><Dm^(Dm^m^ 

(et *5J:t;eH ) ^ ^ M ^ e L t^r-j-f^ 

> V 6 8 \Z X 0 7 > )^ — 

\z. ma^mmmm^ e ^^fSiT ^tztb^z. mn^^r o 
20 izxoi^^^n^. 

[0 0 5 6] ^^^mizM.pi^:^^> m 4 <Dm^G^u-> 7. 

X X A It » 0!1 ^ a 4 O 0y ^ 0<J /V^ ^ U h X 5^ A 
Ci3liT2-:>(Dl^^j:^AEC^i^zL — 

m\z^ii)^i:)^t> ^-r . m 2 \z^^ tiftm^^u 7s j:.<o 
[0 0 5 7] z.rL^mm'T ^ftsr>\z. m:km^^ f m /j^ 

m^^t 1 0 0 OHziwjg(^nTl^^X^U::tAEC^^^ 

30 ;i — ;nc u T . Q — /'^ X :7 ^ ;b ^ $ n M ^ . 

r = f,/2 f. = f./^2 0 0 OtZJcOif^'&tCtfT/it 

f. >'X5"i*<^t)->:7'U>^?'U-b (Hz) X 

^. if^li, S4CD^i^0«j;^j:vX5=-A<oit:^i^->:/74 
3. 44(^@^T^Ct, 

[0 0 5 8] IK^^UT. ^$l5±0«liNt^«. a2©|PiJ 

7Ts W T^j: X X A CI ^5 tj- ^ J: ^ /j: :7 ;i/ A' > H A E C l« fiJc t 

xis I ^ $>rz 0 (omui^^^i * m^-^^z r <D^.^\zx 0 

40 iS:mts ti^^ :z t\zmMts nti\^^. l^titf^^X. 2^r 

^^)iF RL s<DXvu^mmizx<n\^tirzm^m^:^m 

T ;u U X A . #y ^ 0 4 <^ X 5^ A <D jg It- 7 ^l' 

UXA5 7ic<ko»«S'&cffiffl$ne^*. 

[ 0 0 5 9 ] ^y^frf. J. Benesty. F. Anand, A. Gillo 

ire ^XXJ^ Y. Grenier \Z J: ^ "Adaptive Filtering A 
Igorithms for Stereophonic Acoustic Echo Cancellal 
ion." in Proc. IEEE ICASSP. 1995, pp. 3099-3102 S: 

^m<D:it. -ys. ^mmizj:<m^t\yt^$^ut^LM 

s r ;i/ =f u X A tt V n m ^Vt^ i^\z X y ^ )i 9 ^ ^ 
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X J^<DiaM\t. FRLSr;l/::fUXAcfcOt>jH^^**. 

[0 0 6 0] 05 ji, :^^m<o^\]<Di^mmfjimmj&m\z 

T . s 4 <^ ^fiJ ^ 6^ ^'j: X 7^ A *3 It -5 < /'^ :^ :7 ^ ;i/ 

i^^[eli^4 3^^fflUT> il5fftHlS^4 6l'cfcOSJg$n 

CO 0 6 11 y\-r/^x:7>f;Wi$'6iJi. ^M\m 

S^6 3-e©$lft^^tlT*30, J^^lHl»i6 3«. 7C<Z)^ 

y^JU^^ (y) *>^>n — /xx7^;i^3'$nfc^-i'i7n 

:7;i->(g-^ (yi) ^M^UT, ^mi^-r ^ u y ^ > 

04<3[)0ij^eq->x^Ai:i^ — <D:^te'c®if^'rs- 
[00621 mi^m^z . m e m ^^-^m 4 ^ 5 \z 

j^T ^ TsT- \^ ^ V:^ > y r \^ > Ts-^ T.'r Ixoy — mi^^ 
[00 6 3] 2'D<DntL (fin*», U^^XS:^^ O'f'^^ 

^ >^j:2imSI5g/>^ e» iilfi-r ^. 0 ^ 5 n 

fci^^lElK7 3> □ — /t7.7-^;^5'7 4*3<fctX^':?>1^' 
[00641 ^UT. ^lco5mgf5MlOOJ;-9?:tS:ft 
gi5Mli*5it-5>SfStSI«C;te v^T, i6i l^a i«c fiJc ^ ^ / 7 fi # 
xi 2^<0 8iJ<HO^'V'^JKO<£^iSfiJt^>fi^xi.*3 

J:u^xL:^^^{C!?fef^^^n^5^, ^m^ntz 
y )V ny ^ y y )im^\t. x:i-/\7.y^)V^7i\z^ 
o^tk^n. jgi£[iggft 7 6 n cfc 0 iSJi $ nfc^c. is^n 

[0 0 6 51-e-LT* 20<7><£i^iS/i£^fi^Xt.*3,fcO^ 
Xi:«:$^'^>tJ^-/77 ^ \Z ^ *) ^ O > ^ > )V ^ ntz^i 
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0 (DD^iHiK 8 0 #B@) ^fijt$ti, 2 

n-5(li^^S8 1. 83S:#Hg). 
[0066] C<7)y:/D-^«, ^^6<j:^«c:3-5^^>^ 

[0 0 6 7] -R^WJ^JiTT^'J^— v-a >CO/iJe)<D'ft#e<J 
T'j: H ^ 

> y r U>xi3^?/^:^I^Jt'5^:*-y — AOct-p^t 

[0 0 6 81 C(0«^lC*5ViT, X^^U^M^tt, X^ 

#-5. «fij>Lt^. :ffiSferottii^#75^e9^r^5=^Xi7h.:/y3i 
>7rW>x<?5«^tc43V^T, iW^^ 

\z. 7.^\^ir^^f>^. ^^mmm\z^\.^xuu^\z^^ 

X. X5^u^y-A^sf^«iift7!»<. ^m<o^- j^fAn±^ 

30 e^fcft^om^n^o 

[0 0 6 91 A E O -h^ 7- WD > y 7 1- > 7. <0 T 

V^S. ^tz. mX\t}:,mvrz7^:^\v^\zv'^'f-h.<0^^ 
(D^Z>UCtl^(D^<(Dr^O^-i^B>iZ$^\^'^Xs ^ 

^r >±i)i^ ti^mn\t. ^^m^<oM^<Dmf^{zi5\f ^ 

\Z J: < mM ^ ti X ^ J: iz . A E c ^ <D ^ ^ u 

yzf^J^r-yayizmm^n^m-^^z. $f«R^c=^^> 

[0 0 7 01 )R:^rfiJb'T^:^y-AT^U^-V3>lC*5 

^ n^^6^x ^ ^ . c:co<i:^icUT. c;iT«£ffl$n-5 

[00 7 1] ±5EU/::7^Xi7 h'y:^3>77'U>X*><l: 
50 l:fo<tUJ2(DBy»g. (t) *5J;UJg: (t) ti, 




( 11 ) 



'r*. mmm\z^ < ^ ^ rix ^ ^ o \z . m^(Dp^<o i 
' , h<r>i:$>^ . mt>m^s^ (t) *5<fct^gi (t) a^mm 

[0 0 7 2] t;5^U. *^5g<DJgSA^iea)<i:^?^C«'&l- 

(D«^,#e»n^m^x,' (t);fej:txx:' (t) 

nVj^<D — '^mBm\Z^\^X. f.tt. «»jK.tff (x) = 

(x + I X 1 ) / 2 t\^x^^^n^YE.(D^t^mm^x 

^Ov i fiajAtif (x) = (x-l X I) X 2 h 

[ 0 0 7 3 1 ^(o^mmum^mum. 
(D^mmm.\t.. if.^mow.m(^mm\z^^^x^ X ^nn 20 

[0 0 7 4] m^^t. m2 <r>nm,m<r>t¥i8Lm^^=^'y 

-;i/ 2 5, 30 li, AEC20C0n{lll]<Oj|tfi/1X{CEll 

eg II, AEC2 0<3Df^a5(C^«6^Cli:/)*T#^o ^E-WJ; 
^/j:|IJ!i6i^titl*5V^T, m^x,' (t) 43J;r/xt' 

(I) AEC20*>e>§m^Mi0'^is«fe$ti^ 30 
[0 0 7 5] -^^miz^ ^ A-E c ii^xj^m^ <om%f^^^ 

y V V — ^ 7 ':f ^) ^ — B y Vt. -eaj ^ 4^ h "7 — 

uy 7.7-1^ tLd\z\Hm^n^h . 40 

[ 0 0 7 6 1 C C tClttW Ufcm>!? ?'j:fit$|ij<?){^ifflti> 

toT^*^-C«»S. IWAti, ^I^S^I^m® Ser. No. 0 

8/3 4 4. Z 2 Q \z^znx^'^^^ofs.w^j^tf]\zm^ 
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T # ^ • 

[0 0 7 7) m\z. m^\tm ^ ii^rs ^ \z7f^-^ ntzmm. 
mt&\z^\i^xnt:>ti^ \z. ifis^SEft iz*3 * ^ / ^ 

^a^tta^db® Ser. no. O8/344. 320{C^$tl 

[ 0 0 7 8 1 

7^^ T ^ -5 . 
[@@<Offfi^fj:^Wl 

[03] m 2 \z^-^nrzi^^m<r>nmmt&\z ^ ^ ^mr 

[05] :f^^m(r>%\\<Di^mmt^utf^mt(^\zx ^ ^ 
0. 

[06] -j^^^<r>^m^u%i^'s^n.h<j:>Wi^'^f^^xm. 
^t* 0. 

[?^ ^C^IttWl 

1 m.m^m. 

2, 3 •7-r:27D:73j-> 
4 

5. 6 ^'^^KXtf— :^ 

1 0 ^m^m. 

11. 12 7'5'h*:^kr-:* 

13. 14 ^-fi^D73j-> 

15,16 mjoF I R y ^ )i ^ 

1 7 ilD^lEll^ 

1 8 i^^IDIl^ 

2 0 A E C 

2 5. 3 0 #ISlJE^^Ift^ v?3.-;i. 
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